In mobile communication, routing data through intermediate mobile node is a challenging task due to high mobility of nodes which causes rapid change in network topology and frequent disconnection between pair of nodes. To address these issues, Mobile Relay Station (MRS) is introduced into the network based on IEEE 802.16j standard. The MRS features are similar to the Fixed Relay Station (FRS), however the MRS has capability to move as Mobile Station (MS). In intermittent connection, by adapting the features of Delay Tolerant Network (DTN), the MRS can store and carry the data until it find the destination to forward the data. Assuming that MS is aware of its' own movement as well as its closest neighbor nodes. In this paper, Dynamic Routing Algorithm (DyRA) has been proposed to select next hop node towards the destination. The forwarding decision is based on a computed metric which is a combination of Packet Reception Rate (PRR), Link Expiration Time (LET) information and Number of Slots (NoS) available at the candidate MRS nodes. Also, the proposed Relay-based Vehicular Network (RVN) in WiMAX using cross layer design (CLD) is designed to select the optimal next hop node and set new route when current routing path is no longer available. The preliminary results for system throughput performance and average end-to-end delay are analyzed. The results show that by deploying relay-based in vehicular network can enhance system throughput in terms of packet loss ratio (PLR), packet delivery ratio (PDR), and average end-to-end (ETE) delay. NCTUns simulation environment has been used to study the mobile node performance.
INTRODUCTION
The demand for wireless system in vehicular network has increased over the last several years. Vehicular network has the potential applications in providing support for Intelligent Transport System (ITS), multimedia and expediting the Internet access in highways [1] . Today, the technologies for establishing vehicular network include the IEEE 802.11b, IEEE 802.11p and IEEE 802.16 standards. Taking advantage of longer communication range and higher data rate, IEEE 802.16j standard is proposed by standardization bodies to support mobile and multi-hop relay in vehicular network [2] . There are three types of Relay Station (RS) consist of fixed, nomadic, and mobile RS according to [3] . The fixed RS (FRS) is permanently set up at the same location. Even though the nomadic RS (NRS) is also fixed when operating, its position can be changed as needed. The last type of the RS is the mobile RS (MRS) which is moving in similar way as Mobile Station (MS).
Several routes between the MS and Base Station (BS) can be found when RSs are introduced into WiMAX networks. In mobile communication, routing data through intermediate mobile node is a challenging task due to high mobility of nodes which causes rapid change in network topology and frequent disconnection between pair of nodes [28] . Other issue in vehicular network is to decide which routing protocols could be the most suitable for data routing between MS and BS. To address these issues, Mobile Relay Station (MRS) is introduced into the network. The complications arise due to the fact that the MRSs are continuously moving. Thus, obtaining the end-to-end path can be a problem. Previous work in [4] assumes only the FRSs, not the MRSs.
Our work is focused on intermittent connection in Relaybased Vehicular Network (RVN). By adapting the features of Delay Tolerant Network (DTN), the MRS can store and carry the data until it find the BS to forward the data. In DTN, the fully connected path from source to destination is unfeasible to exist. This leads to a problem on how to route a packet from one node to another node in DTN. Most of the nodes in DTN are mobile, so that the connection is established when they enter into the transmission range of each other [29] . Assume that MS is aware of its' own movement, as well as its closest neighbor nodes sending their movements' information.
In this paper, Dynamic Routing Algorithm (DyRA) has been proposed to select next hop node towards the destination. The forwarding decision is based on the computed metric which is a combination of Packet Reception Rate (PRR), Link Expiration Time (LET) information, and Number of Slots (NoS) available at the candidate MRS nodes. The preliminary results for system throughput performance and average endto-end delay are analyzed. The results show that by deploying relay-based in vehicular network can enhance system throughput in terms of Packet Loss Ratio (PLR), Packet Delivery Ratio (PDR), and average end-to-end (ETE) delay.
The remaining part of this paper is structured as follows. Section II is the literatures that summarize other researchers work motivate to our work. Section III describes the overview of relay concept in IEEE 802.16j networks. Section IV deal with system description in vehicular network topology used for the proposed routing scheme. Section V is dedicated to our proposed routing scheme and parameters to be considered. Section VI describes the performance evaluation consist of simulation study and the results to analyze. Finally, our conclusions as well as future research directions are discussed in Section VII.
RELATED WORK
Research has been done in Mobile Ad Hoc Network regarding the communication between vehicles and access points using the traditional multi-hop routing technique called Ad-hoc Ondemand Distance Vector (AODV) [5] . AODV poses significant challenge including flooding and increasing control overhead in the network during route discovery process. However, the frequency of flooding can be reduced by extending the link duration between mobile nodes remain connected [6] . The decision is based on the computation of the stability factor called Link Expiration Time (LET).
To enhance the performance of AODV, the direction of moving node with respect to the next hop node is introduce in [7] . Node can identify the driving direction of other nodes by measuring the signal received from Doppler Effect [8] . Additional information about vehicle's movement is proposed in [9] combining of position, velocity, and direction to select next hop node towards the destination. The concept of link lifetime is also introduced to estimate the link duration between a pair of nodes remain connected.
When node density is high, multiples forwarder try to forward packets simultaneously cause broadcast storm problem in vehicular network [10] . An improved method of route discovery is implemented in [27] which proposed a protocol that select its neighbor node with some probability based on the network density, i.e. sparse or dense network region. To make multi-hop forwarding scheme more efficient, authors in [11] select the farthest node from the source node as the next hop node. Note that the distance between nodes affected link quality. The link quality is better when the distance between two nodes is small. Thus, the link with better channel condition offered high data rate, therefore more traffic can be sent at that time [12] .
In opportunistic routing [13, 14] , nodes require some information about their one-hop neighbors in order to decide on the next hop node. They frequently send out beacon messages announcing their current location, speed, and direction. However, high mobility rates in vehicular network can cause such information quickly becomes obsolete. Thus, more frequent beacon messages are required, increasing the overhead of the routing protocol.
Carry-and-forward scheme is the possible approach to overcome network disconnection problem. The idea of carryand-forward is adopted in [15, 16] where vehicle carry the packet until new vehicle enter the broadcast range and then forward the packet. However, authors in [17] agreed that this scheme has a drawback which may incur higher delay. Thus, they proposed an algorithm that selects an optimal route with least probability of network disconnection. But, this model only focuses on vehicle traffic in urban scenario influenced by traffic lights.
Several proposals highlighted on routing issues in relay-based WiMAX networks. In [18] , the selection of paths through cross-layer approach is proposed considering the Signal-toNoise Ratio (SNR) from physical layer and buffer status from Medium Access Control (MAC) layer at the candidate RS to forward data from source to destination. Meanwhile, the authors in [19] proposed route selection scheme based on link quality and hop count. Only recently, some research on IEEE 802.16j for supporting mobile and multi-hop relay in vehicular communications has been conducted. To address the issues in vehicular network, the problem in selecting the optimal Relay Station (RS) in multi-hop relay network is studied in [20] .
In this paper, we are trying to tackle route selection problem for Relay-based Vehicular Network (RVN) in WiMAX using cross layer design (CLD). Our aimed is to select the optimal next hop node which offer maximum throughput and set new route when current routing path is no longer available. The routing algorithm is expected to significantly improve throughput in RVN.The preliminary results show that two-hop communication outperforms one-hop communication as the traffic load increases in terms of PLR, PDR, and average ETE delay. Moreover, the concept of relay techniques in IEEE 802.16j standards is prominence to extend coverage area and supporting mobility in vehicular network. Table 1 exhibit the features of WiMAX network outperforms other networks in all aspect [21] . 
OVERVIEW OF RELAY CONCEPT IN IEEE 802.16J
The IEEE 802.16j is initialized to improve the performance of the IEEE 802.16e Mobile WiMAX standard via employment of relay stations (RS). RSs comes with the advantages of improving throughput at cell edges, extending coverage area of a base station (BS) and supporting high mobility for vehicular networks. There are two ways of forwarding data using RS, which are amplify-and-forward (AF) and decodeand-forward (DF). In AF scheme, RS amplify the signal received, and forward it to destination. As for DF scheme, the RS decodes the signal received before forwarding it to the destination. If there are no decoding errors, DF scheme always performs better with the cost of complexity and delay [30] [31] [32] . In this work, DF scheme is used.
As defined in the IEEE 802.16j Draft Amendment [2] , relaying can be done in two modes: transparent mode and non-transparent mode. In transparent mode, the allowable number of hops is two as the RS only forwards the signal received without any preamble, DL/UL-MAP and DCD/UCD. In addition, this mode can only operate in centralized scheduling and RS employment is purposely for capacity enhancement. While non-transparent mode can support more than two hops communication as the RS transmits its own preamble, DL/UL-MAP and DCD/UCD messages. Thus, for this mode, not only does it enhanced user capacity but also increase coverage area of the BS. Both centralized and distributed scheduling can be used in this mode.
As for working in vehicular network, we focused on transparent mode relaying for one-hop and two-hop communication to study the behavior of mobile node. When dealing with multi-hop communication where nodes are moving with high speed, choosing the right path is crucial. The ability to select which direction the next hop is going to be should be the duty of MS.
SYSTEM DESCRIPTION
This section describes vehicular network topology used for the proposed routing scheme. We consider the scenario wherein the transparent network consists of one Base Station (BS) in a remote area, one or more Mobile Relay Stations (MRSs) and one mobile user node known as Mobile Stations (MSs). In this paper, we assumed that the MRSs communicate with the MS and BS only, and they do not communicate among themselves. Thus, all packets are forwarded between the MS and the BS involves two hops.
Network Model
In Relay-based Vehicular Network (RVN), one or more mobile RS (MRS) are allowed to be deployed between base station (BS) and mobile station (MS). As depicted in Fig 1 The movement of MS is predicted by using mobility prediction proposed in [22] . MS is responsible to select MRS for data forwarding towards BS. In mobile communication, relay selection at one location may no longer help at another location. Thus, a dynamic relay selection scheme is necessary to improve the network performance in terms of throughput. A cross-layer design for Dynamic Routing Approach (DyRA) is proposed to overcome routing issues in vehicular networks.
As shown in Fig 2, MS closer to BS have the best SNR because they adopt the 64-QAM AMC coding scheme, but MS farther from BS have the worst SNR because BPSK is used instead. As a result, MS selects the RS with the best SNR with the highest AMC coding rate to determine path in multihop relay networks. Since we focused on transparent mode relaying for two-hop communication, as stated in NCTUns-6.0, the path selection is based on the weightage of SNR received at BS, RS and MS and is calculated by the BS using centralized scheduling. The SNR reflected the condition of wireless link and is used to specify the required modulation and coding rate for each transmitted packet on a link. Table 2 shows the relationship between SNR, modulation type and coding rate [23] . Once the modulation type and coding rate is chosen, the data rate of link can be obtained as follows [24] , where,  = the number of OFDMA symbols per slots. In this paper, we considered a transparent mode. Thus, it is assumed that the ranging procedure is successfully done at the beginning.
Ranging Procedure
There are two types of RS defined in IEEE802.16j which includes transparent RS and non-transparent RS. In MMR network with RS working in transparent mode, a MS is synchronized with MRBS and received MAPs from it since transparent RS does not transmit preamble and MAPs. Therefore, it does not recognize the existence of RS even though the MS communicate with the MRBS through transparent RS. Besides, only centralized scheduling mode is allowed to be employed in this mode. In contrary to transparent RS, the RS working in non-transparent mode transmit preamble and MAPs to their subordinate stations. Thus, it is possible for non-transparent mode to apply centralized or distributed scheduling mode.
When a new node requests to enter the network, it shall do the ranging procedure first. Ranging for both RS type follows different task. The details on ranging procedure are explained in [2] .
PROPOSED WORK
This section describes several assumptions to be made for supporting the proposed routing scheme and some parameters we deal with include the physical and MAC layer parameters in order to make an optimal routing decision. The idea of link lifetime is also applies to check the validity of the selected neighbor node.
Assumptions
There are several assumptions to be made to cope with the proposed network topology as depicted in Fig 1: - All mobile nodes, i.e. MS and MRS on the road participate in sending and relaying data packets whereas the market penetration of wireless-equipped mobile nodes is 100 percent.


No sudden changes of direction while it is traveling.
Overtaking maneuver is out of concern in this paper.
 Each node's trajectory follows a straight line.
 Constant velocity for all nodes, i.e. the speed is between 616.00 kmph to 120 kmph. Mobile node cannot accelerate and decelerate.
Dynamic Routing Algorithm (DyRA)
Vehicular network suffer from random variation in channel and network condition. This leads to poor performance in RVN especially with a conventional non-flexible routing. To cope with this instability, a cross-layer design that supports dynamic changing parameter values across multiple layers of protocol stack is needed. In this paper, we considered the Signal-to-Noise Ratio (SNR), Packet Reception Rate (PRR) and Link Expiration Time (LET) from physical layer and Number of Slots (NoS) available from Medium Access Control (MAC) layer at the candidate MRS for route decision at network layer as shown in The concept of link lifetime is used as an attempt to improve network performance in vehicular network. The link lifetime is defined as the duration of time for nodes remains connected provided that such nodes are within the radio range of each others. By using the movement parameters, i.e. position and speed of two neighbor nodes, we can check the validity of the next hop nodes candidate.
As shown in Fig 4, suppose that MS1 moves with speed of 90 kmph and wants to send packet to BS. It first broadcasts a query searching for a neighboring node which can reach BS. There are four candidates node within MS1 coverage, i.e. MRS1 (75 kmph), MRS2 (110 kmph), MRS3 (115 kmph), and MRS4 (80 kmph). By considering certain parameters, MS1 will select the optimal route for sending data packet to destination.
Fig 4: Neighbor discovery -MS node broadcast BEACON_CTRL_MSG.
The proposed DyRA performed route selection based on link quality (i.e. PRR), link stability (i.e. LET) between two nodes remain connected and Number of Slots (i.e. NoS) information from the candidate MRS node. In finding available path, we introduced new signaling message called BEACON_CTRL_MSG for neighbor discovery. This message is broadcast by MS and one hop neighbor of MS, i.e. MRS will receive this message and reply back with its movement information. As depicted in Fig 5, BEACON_CTRL_MSG contains field of Node ID, speed, position, direction, and timestamp. This signaling message is useful to check the validity of the link between nodes are remain valid before sending data packet. Upon receiving BEACON_CTRL_MSG, first MS checked either it has received this message previously or not. If yes, MS will drop this message immediately. However, if not, MS will proceed with updating the cost function. Therefore, if the motion parameters of two nodes are known, we can determined the duration of time these two nodes will remain connected. Let consider two nodes, and are within the transmission range of each other, speed and , coordinates of mobile node , and ( ) be that of mobile node , and movement direction angles and , respectively. Then, the link lifetime called LET is predicted by [22] , √ where,
Note that when and , becomes infinity, . By predicting the LET, only neighbor nodes that are still within the transmission range will be considered as the valid candidates for the next hop selection.
As discussed in [25] , we obtained the expected probability of successfully receiving a message at distance while considering a communication range of in meter as follows,
We assume that the transmission range of each node except BS. Note that the distance is compute from SNR received from super-ordinate node. Therefore, we are able to calculate PRR by assuming the noise level to be constant over the geographical space. However, by predicting only PRR is not guaranteed the link stability of mobile nodes link. We improve the stability by estimating the LET of link between two adjacent mobile nodes. Based on this prediction, the selection is not just based on link quality but also link stability.
We also measure the load by looking at the Number of Slots (NoS) available at the MRS candidates nodes. As the MS want to send data, we can calculate how many slot requires [24] . Thus, a packet with size p bytes requires a total number of slots given by, Thus, a sorted list of next hop nodes candidate can be defined based on the . The optimal route can be determined by,
where, is the number of available route. The node with the highest route cost among all the candidate nodes will be chosen as the optimal next hop node.
Note that in the route selection phase, the selection of optimal route can be depends on criterion such as route Quality of Service (QoS), traffic load, etc. In this paper we only studied the preliminary results on system throughput and average ETE delay between one-hop and two-hop communication. For the sake of simplicity, the simulation is done from the simplest network topology consists of one source node, one destination node and a relay node shown in Fig. 6 . In future work, we will look at other factors in DyRA for optimal route selection in relay-based vehicular network environment.
PERFORMANCE EVALUATION
This section describes WiMAX network topology operating in transparent mode. The result for system throughput according to traffic load condition and average end-to-end delay is also discussed.
Simulation Study
Simulation is done using NCTUns. NCTUns is mainly chosen because it supports both transparent and non-transparent modes defined in the IEEE 802.16j. Currently, NCTUns can only support two hops for relaying between BS and MS. Even though the IEEE 802.16j specification can support more than two hops, such a possibility is not supported in NCTUns due to the resulting system complexity. Table 3 presents the IEEE 802.16j parameters used in the simulation. In NCTUns, the path selection between MS and BS is influenced by signal-to-noise-ratio (SNR), from which the selection will be based on modulation and coding lookup table.The path decision is based on formula given in Equation (10), Note that is referred to MCS table which defines the relationship between weights, and modulation and coding schemes. Table 2 shows MCS table and path decision 
Results and Analysis
When MS has a data packet to send, it will perform ranging procedure to inform its super-ordinate node by sending signaling message for entering the network. The MS send RNG_REQ message to RS, requesting the RS to provide link. The same procedure happened to RS where RS continue to send RNG_REQ message to BS, requesting the BS to provide link. Then, BS sends its link parameters, i.e. SNR to the corresponding RS and RS sends its link parameters to the corresponding MS. BS decides that corresponding MS access station based on SNR. As depicted in Fig 8, the network entry is accomplishment for RS3, RS4, and MS5 as the BS accept new MS. The relay link mode for both RS, i.e. BS-RS3 and BS-RS4 link is automatically set by BS as Link Mode=Auto (SNR=30.958728 dB), DIUC=6 UIUC=7, and Link Mode=Auto (SNR=29.798339 dB), DIUC=6 UIUC=7, respectively. Meanwhile, the access link mode between BS-MS5 is automatically set by BS as Link Mode=Auto (SNR=2.418483 dB), DIUC=1 UIUC=1.
Fig 8: Network entry in NCTUns.
We study the performance of system throughput in terms of Packet Delivery Ratio (PDR) and Packet Loss Ratio (PLR). The performance measures are described as follows: Performance output of average end-to-end (ETE) delay is as shown in Fig 11. Average ETE delay defined the total delay of all received packets divided by the number of received packets. The average ETE delay is exponentially decreases as we increase the uplink sustained rate. Note that as we increase the uplink sustained rate, more bits can be delivered per second. Hence, reduce the delay of each packet. However, if we compare the performance of delay over difference number of hop, two-hop communication performs better than one-hop communication. The results show that by using multi-hop communication known as relay-based in vehicular network can improve system throughput in terms of PDR, PLR, and average ETE delay.
CONCLUSION AND FUTURE WORK
In this paper, Dynamic Routing Algorithm (DyRA) with Cross-layer Design (CLD) is proposed for vehicular network. The proposed routing scheme considered metrics at physical and MAC layer in making routing decision at network layer.
The preliminary results show that by deploying relay-based in vehicular network can enhance system throughput in terms of PDR, PLR, and average ETE delay. In the future, the performances of proposed routing scheme need to be verified through simulation and analysis.
